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To  establish  a  new  etiological  entity it  is  necessary  to  study  as
many  cases  as possible of  the spontaneous  disease  and  to reproduce
the lesions  with pure  cultures.  The natural  disease  is the  result of
minimum doses  of the microorganism  having normal virulence.  The
artificially induced  disease is the outcome of  relatively large  doses of
a virus modified more or less by culture.  The natural disease may not
be  reproducible  but  merely  an  approximate  likeness  of  it.  These
facts  must  be  kept  in mind  in estimating  the  value  of  evidence  in
etiological  studies.
The importance  of  placental  diseases  in the  cow warrants  a  con-
tinuation  of somewhat  detailed reports made upon vibrionic abortion
since 1917.1-4  In a former communication4 the opinion was expressed
that this disease might have been introduced from  sheep and that the
outbreak in which it was first identified had  subsided.  The inference
that the disease had died out proved to be premature and observations
made  up  to the present  in the  same herd  seem  to  indicate  that the
disease is enzootic and probably a specific cattle disease of long stand-
ing  to  which  the  host  species  has  become  partially  immune.
Since  the  first  publication  on  vibrionic  disease  of  the  placenta
several  references  have  come  to  the  writer's  attention.  Thomsen5
I Smith,  T., J.  Exp. Med.,  1918,  xxviii,  701.
2 Smith, T.,  and Taylor, M. S.,  J. Exp. Med.,  1919,  xxx, 299.
3 Smith,  T.,  J.  Exp.  Med.,  1919,  xxx,  313.
4 Smith, T., Little, R.  B., and Taylor, M. S., J.  Exp. Med.,  1920, xxxii, 683.
5 Thomsen,  A.,  Maanedsskr.  Dyrleger,  1920,  xxxii,  1.
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working in Copenhagen was able to isolate spirilla from four of eleven
cases  of  abortion.  The  four  cases  came  from  three  different  herds.
Spirilla  were  found  in stomach  contents,  tracheal  mucus,  and  lungs
of  the  fetuses  and  in fetal  membranes  and  discharges.  From  two,
pure  cultures  were  obtained  by  the  writer's  method.
Gminder6 is  the  first  to  have  demonstrated  vibrionic  disease  in
Germany  (Wiirtemburg).  He observed  two cases.  There  was noth-
ing  noteworthy  about  the  fetuses.  Placentas  were  evidently  not
obtained.  Gminder produced  abortion in  pregnant guinea  pigs with
one  to  two loopfuls  of  culture  injected  subcutaneously.  Inasmuch
as  the vibrios disappear  from  the peritoneal  cavity  of  non-pregnant
guinea  pigs  after injection  of large numbers  into  that cavity  within
2  or 3 days,  the cause of abortion  in  Gminder's  guinea  pigs  may be
doubted.  Lerche 7 also  found  a  case  of  abortion  associated  with
vibrios.
Spontaneous Cases.
Of  spontaneous  cases  not hitherto  reported,  four were  encountered
in 1921  and five up  to September,  1922.  There  is  evidence  that the
cases  are  more  numerous  than  this  but  the  disease,  being  perhaps
restricted  to a small territory of the placenta,  may fail to bring about
premature  expulsion  of the fetus.  It is  scarcely necessary  to go into
great detail concerning these cases since this has been done in previous
publications.  The main  fact  to  be  emphasized  in the  present  stage
of  our knowledge  of  this infectious  process  is  the  failure  to  detect
Bacillus abortus.
Cow 621.-Received Nov.  20,  1920,  from  Michigan.  Bred  Dec.  3.  Aborted
June  12,  1921.  On  June  14,  agglutination  titer to B. abortus 1:40-.
A small portion of the placenta, hanging from the vulva, cut off for examination.
About one-half of the chorion is beset with small yellowish excrescences.  A small
area is thickened and infiltrated with opaque,  yellowish plaques.  The cotyledons
are  pultaceous,  yellowish.  No  normal  ones  in  the  portion  obtained.  Films
show large and  small rods,  streptococci  and vibrios.  Some exudate  cells  contain
them.  In sections, small groups of villi are completely necrotic.  Vibrios abundant
in the  edematous  chorion.
6Gminder,  A.,  Berl. tierdrztl. Woch.,  1922,  xxxviii,  184.
7Lerche,  Deutsch. tierdrztl. Woch.,  1922,  xxx,  281.
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The fetus weighs  20 pounds.  Without coat of hair.  Nearly  a liter of fluid  in
large  serous  cavities.  Vibrios  isolated  from  colon,  rectum,  liver,  and  kidneys.
Cultures of other organs contain miscellaneous  bacteria.  Five guinea pigs inocu-
lated with  suspensions  from uterine  swab,  contents  of  fourth  stomach,  rectum,
and  lung tissue  of fetus  failed  to demonstrate  B. abortus.
Cow 628.-Received Oct. 20, 1920, from Michigan.  Bred Feb. 7, 1921.  Aborted
July  8.  Placenta  retained.  On  Sept.  29,  agglutinin  titer to  B.  abortus  1:20.
Fetus weighs  2,230 gm.  Without coat of hair.  Tissues edematous and partly
macerated.  Vibrios were  isolated from  lungs, rectum,  kidney,  and liver.  Other
tubes  contain  miscellaneous  bacteria.  Four  guinea  pigs  inoculated  with  sus-
pensions of lung tissue, contents of fourth stomach  and rectum, and uterine swab
were  negative  to  B.  abortus 10  weeks  later.
Cow 643.-Purchased  Oct.  12,  1918.  Bred Feb.  27,  1921.  Aborted,  in third
pregnancy  since  purchase,  July  22.  Placenta  retained.  Fetus  weighs  2,410
gm.  General  edema of  body.  Meconium  in stomachs.
Vibrios were  isolated from fourth stomach  and lungs.  Five guinea pigs inocu-
lated with  suspension  of uterine  swab  and  with  suspensions  of fourth  stomach,
rectum  contents, and  lung tissue of fetus  were negative  to B. abortus 2  months
later.
This  cow had been infected  with B. abortus in earlier pregnancies  as shown by
the  agglutinin  titers.  On  June  22,  blood  1:1,280, milk  1:80.  July  23,  blood
1:640-, milk 1:80.  The interpretation to be placed on these data is that the cow
had acquired  enough resistance  to B. abortus to prevent  the latter from reaching
the fetal membranes.  The milk  was not tested for B. abortus.
Cow  647.-Purchased Oct.  20,  1920,  from  Michigan.  Bred  Mar.  12,  1921.
Aborted  Aug.  25.  Placenta  retained.  Agglutinin  titer  to B.  abortus, Sept.  29,
1:20.  Fetus  64  cm.  long,  without coat  of  hair.  General  edema  and filling  of
abdominal  cavity  with  blood-tinged  fluid.  Meconium  in  stomachs.  Vibrios
isolated from  fourth stomach,  rectum, liver,  and lung.  Four guinea pigs  inocu-
lated with  suspension  of uterine  swab,  contents  of fourth  stomach  and  rectum,
and lung tissue of fetus  were negative to B. abortus 21 months later.
Cow  959.-Purchased May  22,  1919,  from  New  York.  Bred  Jan.  3,  1921.
Aborted  June  15,  1922,  in  her  fourth  pregnancy  since  purchase.  Agglutinin
titer  on  day of abortion  1:40.  Placenta  retained.  Fetus  weighs  about 4 kilos,
and is  53  cm.  long.  No general  edema or  serous  transudates.  No  evidence  of
autolytic  changes.  Contents  of  stomachs  tinged  yellow,  otherwise  normal.
Slight edema of mesenteries.  Films from contents of fourth stomach show vibrios
of one to two wave-lengths.  Large numbers of vibrios in contents of cecum.  Two
agar tubes plus lung tissue and fourth stomach  contents and one tube from cecum
and kidney  tissue develop  into pure  cultures  of vibrios.  Tubes inoculated  with
spleen and liver tissue remain sterile.  No other organism appears in the cultures.
Two guinea pigs which  received  into the peritoneal  cavity a turbid suspension
of fourth stomach and cecum contents mixed were killed 3 days after inoculation
and cultures made by adding bits of spleen, liver, and kidney in the hope of recov-
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ering the  vibrio.  Cultures all  remain  sterile.  One  guinea  pig inoculated  in the
same  way  reserved  to  determine  presence  or  absence  of B.  abortus was  found
negative  after  several  months.
Cow  962.-Received  Dec.  14,  1921,  from  Michigan.  Bred  Feb.  16,  1922.
Aborted  June  24.  Placenta  retained.  Agglutination  titer  of  blood  1:80,  of
milk 1:20-.  Fetus about  35  cm. long, very limp, slightly  discolored.  Epidermis
peels  off  in  sheets.  Abdomen  torn  open  at  umbilicus.  Blood-tinged  fluid
partly  filling  pleural  and  peritoneal  cavities.  Epithelial  layer  of  rumen  comes
away  in  a  mass  when  organ  is  opened.  Liver  with  markedly  yellowish  tinge.
Placenta  came  away as  a  cylindrical  tube,  torn  open  at one  end.  The  wall of
tube markedly edematous, 5 to 6 mm. thick.  Cotyledons in general pale yellowish,
macerated.  Films from cotyledons and contents of rumen  show  vibrios of about
two  wave-lengths.  In  this  case  a  pure  culture  of  vibrio  was  obtained  from
the contents  of the rumen.  The lung  culture  contained  beside  the vibrio  colon
bacilli.  Two guinea  pigs  inoculated  respectively  with  stomach  fluid  and  a  sus-
pension  of placental  tissue in  salt solution  were  found  free  from  disease  several
months  later.
Cow  965.-Received from  Michigan  in  Oct.,  1921.  Aborted  July  15,  1922.
Placenta  retained.  Fetus  is 41  cm.  long  and  weighs  2,710  gm.  General  sub-
cutaneous  edema  and  effusion  into  large  serous  cavities.  Vibrios  were  isolated
from  contents  of fourth  stomach  and  rectum  and  from  spleen  and  liver  tissue.
Two guinea  pigs inoculated  with suspensions  of uterine  fluid obtained on a swab
were  normal when  killed after  2 months.8
Experimental Production of Disease of  the Placenta.
In the attempt to produce disease by inoculating animals with pure
cultures  of  specific  pathogenic  bacteria,  there  are  to  be  considered
two  determining  factors.  One is  the original  virulence  of the  strain
or race as modified by culture conditions,  the other  the degree  of spe-
cific  natural  resistance  possessed  by  the  host  species.  In  endemic
territories  all degrees of disease may exist, some very slight and below
the clinically  manifest  level.  Thus cattle may  receive intravenously
doses of living Bacillus abortus and yet not contract placental disease,
or  if  such  disease  starts  it  may  be  self-limited.
In  a former  communication 3 it was reported  that  of four cows  in-
oculated  with  vibrios  isolated  from  aborted  fetuses,  one  had  a
8  Since  this was written,  two  additional  cases  of  vibrionic abortion have been
studied.  Cultures and  guinea pig  tests failed to bring B. abortus to light.  The
agglutinin  titers of both cases  towards B. abortus were low.  The isolated vibrios
were  of  the  motile  variety.
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fairly  extensive  disease  of  the  chorion,  a  second  only  slight  lesions,
and  the  remaining  two  none.  No  further  attempts  to  reproduce
vibrionic  disease  experimentally  were  made until  1922.  The source
of  the virus was  the placenta of  a cow giving birth prematurely.
Cow  771.-Purchased in  May,  1918.  The  present  pregnancy  is  the  fourth
since  purchase.  Cow  bred  Aug.  17,  1921.  Living  calf  born  Mar.  31,  1922,
therefore about  71 months old.  The calf died 7 hours after birth and was disposed
of  before  it  could  be  obtained  for  study.
About  one-third to one-half  of the placenta  was obtained.  The  rest  was ad-
herent.  The  chorion  was  edematous  but  not  otherwise  visibly  diseased.  The
cotyledons  varied  much  in  appearance.  Several  had  portions  of  the  maternal
caruncle  still  attached.  Some  were  quite  normal.  In  several,  yellowish  gray
areas  within  the cotyledon  represented  groups  of  degenerated  villi.  Some  coty-
ledons  had  a  fleshy,  grayish  aspect.  Films prepared  from  the  placental  tissue
present  no  bacteria  recognizable  as  B. abortus.  Among  the  few  miscellaneous
bacteria  were  vibrios  of  one  to  two  wave-lengths.  Within  certain  pale  cells,
probably  necrotic  polynuclears,  were  large  numbers  of very  fine,  degenerated
vibrios (Fig.  1).  In some cells the latter were well stained and of normal appear-
ance.  In  sections  of fixed  and hardened  tissue  it was  observed  that the  tissue
under  the  chorionic  epithelium  was  edematous  and  invaded  by  large  groups
of  cells probably polynuclear.  The blood vessels  contain  similar cells  enmeshed
in fibrin.  Their walls  are invaded  by cells.  On  the surface,  isolated,  branched
villi  are  denuded  and  densely  filled  with nuclear  debris.  Similar  lesions  occur
here  and  there  under  the  denuded  surface.  Epithelial  cells  wherever  still
in situ did  not contain  bacteria  suggestive  of  B. aborts infection.
Since vibrios had been isolated  once before by injecting  suspensions
containing them into the peritoneal cavity of guinea pigs, 2 an attempt
was  made  to  isolate  the  vibrio  by  injecting  a  turbid  suspension  of
placental  tissue  in  salt  solution  into  the  peritoneal  cavity  of three
guinea pigs.  They  were  chloroformed  3,  4, and  5 days respectively
after  inoculation.  In  those  killed  3  and  4  days  after  inoculation,
tubes of agar to which bits of spleen, liver, and kidney had been added
and  the tubes  sealed  developed  pure cultures  of a vibrio.  All tubes
inoculated  in the same manner from  the third guinea pig, killed after
5 days,  remained  sterile.  At the  same  time  two  additional  guinea
pigs  inoculated  with  the  same  suspension  were  kept  slightly over  2
months and  then killed.  The animals  were normal  and the cultures
sterile,  thus  indicating  the  absence  of  Bacillus abortus.
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The  twelve pure cultures  obtained from the two  guinea pigs  served
as the starting point for  all subsequent  experiments.  The peculiarity
of  this  new  strain  was  an  almost entire  absence  of  motility  (Figs.
7 and 8).  An  occasional  active  individual  could be  seen  in hanging
drop preparations  in the  original cultures from the guinea pigs.  The
bulk of growth was  made up of long wavy forms, some nearly straight
or only slightly curved  or bent.  The  growth  in all  tubes  was  fairly
vigorous  and  quite  viscid.  The  vigor  may  be  ascribed  to  the  bits
of  guinea  pig  tissue,  for it was  barely  visible  in tubes  of plain agar.
Stained  films  of this strain  showed  that  the  long wavy  forms  were
composed  of  shorter  forms,  probably  held  together  by  some  viscid
capsular substance.  Giemsa  preparations  brought out deeply stained
coccus-like  granules  in  the  course  of  some  of the  long  forms.  Some
granules were broader  than  the rods  themselves9 (Fig.  10).
A  non-motile  strain  had  been  encountered  once  before3 but  no
special  study  was  made  at the  time  beyond  determining  that it  be-
longed  serologically  to  the motile strains.  Although the long  forms
made  up  the  bulk  of  the  cultures,  yet  in  films  from  the  placental
tissue  vibrios  over  two  wave-lengths  were  not seen.  We  may  there-
fore  look upon the long  forms  as  culture  grouping  of  the  non-motile
variety.
Four cows,  in different  stages of pregnancy,  were selected for inocu-
lation to test the pathogenic  character  of the culture  isolated through
guinea pigs.  Nos. 678 and 937 were inoculated with the same material.
The  feeble  growth  from  five  agar  tubes  plus  cow's  blood  and  two
tubes  plus bits  of guinea pig spleen  was suspended  in bouillon.  The
cultures  used  were  the  third  transfer,  7 days  old.  The  inoculation
was  made  both into  the  jugular  vein  and  the  subcutis,  7.5  cc.  into
the  former and 3.5  cc. into the latter.
Cow  678.-Purchased in  1913.  The  fourth  calf  since  purchase  was  born  in
May,  1921.  Bred  Aug.  28.  Reacts  to  tuberculin.  Titer  to B.  abortus, Mar.,
1922,  was  1:80.  The  injection  was  made  as  stated  above  at  3 p.m.,  Apr.  28.
The  temperature  rose  to 400C.  within  an hour.  It remained  above  390C.  until
early  next day.  After  this  it fluctuated  slightly between  38.40  and 400C.  until
May  5 when  the  temperature  was  taken  only  at irregular  intervals  and  found
9 See  Smith,'  Fig.  4.
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slightly above normal.  The cow  was being "dried off"  and milked either  once a
day  or every  other  day.  Milking  was  stopped  after  May  12.
A  calf was born May  17,  7 p.m.,  269 days after conception  and  19  days  after
the  injection  of  the  vibrios.  The  placenta  was  adherent.  Attempts  by  Dr.
Little to remove it next day failed.  To obtain the uterus with membranes before
decomposition had gone too far the cow was slaughtered 20 hours after parturition,
the uterus iced  and brought to the  laboratory.  At the autopsy  of  the cow  only
the  left  bronchial  lymph  node  was  found  tuberculous.  When  the  uterus  was
opened  with  membranes  attached  the  latter  appeared  normal  and  everywhere
firmly  attached  to  uterine  caruncles.  When  the  membranes  were  incised  to
expose  the uterus and overlying chorion, the latter  was found deeply injected  and
covered with a thin, soft, mucoid exudate gathered around the bases of the carun-
cles.  When the  cotyledons  were pulled  away from  the  caruncles, which required
considerable  force,  the same  kind of exudate  was found resting  on the villi.  The
pathological  process  was  more  clearly  defined  in sections  of  fixed  and hardened
tissue  from  various  portions  of  the  membranes.  It  was  evidently  quite
different  from  that associated  with B. abortus.  In general  it may  be  defined as
a purulent  exudation  covering  the  chorion  and penetrating  into  the  cotyledons
between  fetal  and  maternal  parts.  It  is  probable  that the  uterine wall partici-
pated since its gland lumina were filled with polynuclear  cell debris.  Besides the
exudate, individual  villi  and groups  were densely  filled  with  the  nuclear  debris
of immigrated  cells.  Owing to the  time elapsing between  discharge of fetus and
the  killing of  the  cow,  large  bacilli  and  streptococci  had  invaded  the placental
tissues.  However,  vibrios  were  found  in  abundance  in  exudate  from  chorion
and villi.  Many  cells contained  masses of them  (Fig.  2).
No direct  cultures  were  attempted but guinea  pigs  were  inoculated  with  the
expectation that the vibrio might be isolated in this way.  Two received into the
peritoneal cavity suspensions in bouillon of material obtained from a uterine swab
and two were inoculated  with suspensions of diseased placenta previously ground
in sand.  Two guinea pigs were killed after 3 and two after 4 days.  Twenty tubes
of agar inoculated  with bits of  spleen, liver, and kidney  remained sterile with one
exception.  This  contained  a plump rod.  Two  guinea pigs inoculated  as  above
were reserved as tests for B. abortus.  Both were found negative  when killed after
several months.
Cow 937.-Native cow.  Calved  in Jan.,  1921.  Bred Sept.  20, 1921.  Reacted
positively to tuberculin  in Apr.,  1922.  Agglutinin  titer  towards  B. abortus 1:80
in Dec.,  1921,  and 1:160 Apr.  22,  1922.
On  Apr.  28,  inoculated  with  and  in  the  same  manner  as  the  preceding  case
(No.  678).  A  slight  thickening  of  subcutis  appeared  at  point  of  inoculation.
The  cow  manifested  no  general  disturbance,  except  a  slight  rise of  temperature
during the evening and night following the inoculation.  The flow  of milk having
nearly ceased, the cow was milked only once a day from May  12 on.
On  May 5,  the lips of the vulva became  swollen  and edematous.  Sacrosciatic
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fetus at 5 a.m. after a period  of gestation of 243 days.  Fetus too  weak to stand.
Feet soft.  Middle incisors not yet fully broken through.  The others  small and
still  covered  with  mucosa.  Calf  chloroformed  after  4  hours  and  autopsied.
Weight  413  pounds.  The  organs  were  found  normal  with  several  exceptions.
The mucosa of  the entire  leafy portion  of the  fourth  stomach  densely permeated
with  punctiform  hemorrhages.  Mucosa  of small  intestine markedly  congested,
especially in the middle portion.  Lungs fully inflated.
Cultures were made from various organs.  As might be expected,  those of lung
tissue, fourth stomach,  and cecal  contents  developed  a variety  of  large  colonies
due to invasion  after birth.  Tubes  inoculated  with bits of  spleen,  liver, kidney,
urine,  and heart's  blood  remained  sterile.
The  placenta  remained  adherent,  excepting  a  small  piece  hanging  from  the
vulva which was cut off for examination.  Attempts to remove the placenta after
31 hours led  to severe hemorrhage.  The  cow was therefore  taken to an abattoir
and killed at 5 p.m.,  May  21,  36 hours after the calf was born.  The uterus con-
taining  the placenta  was brought  to  the Institute's  refrigerators soon  after.
The placenta to be examined  was the portion removed early and the remainder
within  the  uterus  obtained  11  days  after  discharge  of  fetus.  The  detached
piece  contains  seven  large  cotyledons.  They  are  thick,  hemorrhagic,  with  yel-
lowish borders of a greasy, soft consistency,  or else with yellowish islands through-
out.  The  small  cotyledons  are  completely  softened  and grayish  in  color.  The
chorion,  uniformly  injected,  has  on  it  small  bits  of  mucoid  exudate.  Several
small areas are infiltrated  with 1 to 2 mm. smooth  plaques.  Films from different
portions  of  this piece show large numbers of vibrios,  single, and free  (Fig.  4) and
in  cells  (Fig.  3)  in  dense  groups.  No  other bacteria  detected.
On cutting open  the uterus  with attached placenta,  there  were found near the
internal os a number of prominent caruncles  which probably are those from which
the piece of placenta had  become detached.
The placenta still attached to the uterus presents for examination  the chorionic,
the  amniotic,  and  the allantoic  surfaces.  The  former  is  injected  and here  and
there overlaid  with yellowish  flakes of exudate.  The latter shows marked  edema
of the membrane  overlying  the cotyledons  (allantois  and amnion).  When these
are stripped off  the cotyledons appear normal to the naked eye.  When, however,
the  fetal  portion  of  the  cotyledons  is  pulled  away  from  the  maternal  portion,
groups of  exposed  villi are  whitish among  the normal  red  ones.  Films  from  the
uncovered  cotyledons contain  many vibrios.
The  above  conditions  are largely  explained  in  sections  of fixed  and hardened
tissue.  The  detached  villi  are  in  part normal,  in  part  densely  filled  with  the
nuclear  debris  of  leucocytes  denuded  of epithelium.  This  is particularly  true of
the  smaller villi  and  bases of the larger  ones.  Between  the villi and resting  on
the  chorion  is  a layer  consisting  of  necrotic  epithelium,  masses  of  leucocytes,
necrotic  villi, and blood corpuscles.
On  the cotyledons  not separated  from caruncles,  smaller or larger areas of the
section  contain  necrotic  villi,  evidenced  by  the  fused,  pink-staining  cytoplasm
348THEOBALD  SMITH
and  pycnotic  and  fragmented  nuclei of  the  epithelium.  The  same  mixture  of
necrotic and leucocytic material  is found  layered between  the surface  of the ma-
ternal  caruncle  and  the  chorion  facing  it.  Frequently  this  material  consists
chiefly  of red  blood  corpuscles, forming  a red  streak  between  the maternal  and
fetal tissues.
The condition  of the chorion varies from place  to place.  The  epithelium may
be still in place,  or else  gone and the tissue beneath densely filled with cell debris.
Similar foci of necrotic leucocytes  are  found beneath  the surface  of the allantois
and amnion.  Small  groups  of  villi forming  the  small  adventitious  cotyledons
are as a rule necrotic.  Vibrios  are detected in some of these  foci usually within
cells.  In  certain  portions  of  the  chorion  36 hours  old,  foci  of  streptococci  are
prominent.
Cultures prepared  from  the deeper  tissue of  cotyledons,  seared  on  the surface,
contained both  the  long vibrios  and  streptococci  (Fig.  11).  The latter probably
invaded the uterus immediately  after discharge  of  fetus.  No pure cultures were
obtained.  An  attempt  was  made  to  isolate  the  vibrios  through  guinea  pigs.
Diseased  placenta,  ground  with  sterile sand  and  suspended  in bouillon,  was  in-
jected into  the  peritoneal  cavity  of  three  guinea  pigs.  One was  reserved  for a
test for B. abortus.  The two others  were  killed after  3 and  4 days respectively.
Cultures made  as in  the  preceding  case  (No.  678)  remained  sterile.  The  third
guinea pig was negative  to B. abortus infection  several months  later.
Two additional pregnant cows were inoculated with the same strain
of  vibrio.  The  growth  from  a  number  of  agar  cultures  containing
bits of guinea pig and calf tissues was brought together and suspended
in  bouillon.  The  inoculation  was  made  into  a  jugular  vein.  The
cultures were  of the third  transfer, and  8 days old.
Cow 712.-Native; grade Holstein.  First calf  born Aug. 27,  1921.  Bred Nov
19.  Reacted  to  tuberculin.  Agglutinin  titer  to B.  abortus, Mar.  8,  1922,  was
1:160+.
On May 2, injection of 7.5 cc. of a suspension of Vibrio  771 into a jugular vein.
The cow showed a fall in the quantity of milk from 37  to 27  pounds the next  day.
On the day following  the normal level had been reestablished.  The  temperature
rose  in 6 hours  to 40.4°C.  and gradually dropped  to normal  (38.40C.)  within 24
hours.  Owing  to the rapid invasion  of the uterus  after  abortion by  streptococci
and anaerobic  bacilli,  it was  decided  to have  the cow slaughtered and secure the
uterus with  fetus and  membranes  intact.  This  was  carried  out on June  13,  42
days after the injection of vibrios.  The uterus was obtained about 1  I hours after
the cow had been killed.
The lesion in  this case  was chiefly  exudative  and  suppurative.  In the central
portion of the placenta, i.e. excluding the two horns, there is a heavy, viscid, pale
grayish yellow exudate  resting on the chorion and gathered chiefly at the bases of
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the caruncles,  extending from there up into the spaces between  fetal and maternal
portions  of  the cotyledons.  Clustered about  the  cotyledons are  numerous  small
adventitious groups of villi which are partly covered with exudate and have yellow-
ish  margins.  The  large  cotyledons  are  normal  to  naked  eye  inspection.  The
cervical canal is tightly closed and the mucus plug about the external os of normal
appearance.
Films of the exudate from various places on the chorion  show the same charac-
ters.  It  is chiefly  cellular,  the cells  being  polynuclear  plus the desquamated and
necrotic  epithelium.  The  consistency  indicates  the  presence  of  much  mucus.
The exudate contains large numbers of vibrios, some nearly straight, long,  slender,
and  simulating  slightly bent filaments;  the  others wavy  and much shorter,  down
to one  wave-length  in  some  cases  (Fig.  6).  Sections  of fixed  and hardened  pla-
centa confirmed what had been learned through naked  eye inspection and stained
films.  There  were  general  edema of  chorion and  villi,  occasional  necrotic  villi,
exudate between maternal and fetal portions of cotyledon, and diffuse  cell infiltra-
tion of mucosa of uterus with occasional focal abscesses.  The amniotic and allan-
toic fluids were  of normal appearance.  Cultures to which 0.5 to  1 cc.  was  added
remained  sterile.
The fetus  is 31  inches long.  The coat of hair  is just appearing.  The fluid  of
the stomachs is normal, the meconium  dry.  There  are  no  abnormal  conditions
about the  organs.  Cultures  prepared  from  contents of  the fourth  stomach  and
cecum  and  with  bits  of  spleen  and  lung  remained  sterile.  Cultures  prepared
from  the  exudate  of the uterochorionic  space  developed  into cultures  of  vibrios
(Fig.  9).  No  other  forms  present.  One  culture  contained  many  motile  forms,
the others  only  non-motile.  Numerous  tubes  to which  bits  of  tissue  from  the
depth of cotyledons had been added remained  sterile.
Three  guinea  pigs received  into  the  peritoneal  cavity  1 to  1.5  cc.  of  a turbid
suspension  of exudate,  ground  in  sand and suspended  in bouillon.  One  wNas  re-
served,  the others were chloroformed  after 2 and 3 days respectively.  All cultures
of the 3  day  guinea  pig remained  sterile.  Those from the guinea pig killed after
2  days contained  spore-bearing  bacilli and a  diplococcus.  The presence  of these
bacteria  is due to  the fact that the opened uterus had been reserved until the next
day  in the  refrigerator  before  the  inoculation  was made.  The  third guinea  pig
was  normal  when  killed  several  months  later.
Cow 657.-Native.  Received  when a virgin  heifer a  dose of living B. abortus,
Apr.  30,  1920.  Gave  birth  to  a  normal calf  Sept.  16,  1921.  Placenta  normal.
At this time the agglutinin  titer of  the blood to B. abortus was  1:1,280, milk titer
6  days  after  parturition  1:640.  Bred  Oct.  17,  1921.  Reacted  to  tuberculin
Apr.,  1922.
On May  2, 1922,  when the  fetus was  187  days  old, the  cow  was injected with
vibrios,  at the  same  time and  with the  same dose  as  No.  712.  The febrile  dis-
turbance  was the  same as with  No.  712.  Similarly,  a drop  in the milk  secreted
from about  24 to  17 pounds lasted but  1 day.  The cow  was slaughtered June 6,
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35 days after inoculation, and the uterus with fetus secured for examination within
1½ hours.  Agglutinin  titer  to  B. abortus before  death  1:320.
The lesions  in this case  were  expressed  by  an exudate  similar  to that  of  No.
712,  necrosis  of  cotyledons,  and marked  edema  of  the  amnion  covering  them.
The disease  evidently started at one point  in the occupied  horn.  Here  a  cotyle-
don  is  detached,  greatly  thickened,  and  largely  transformed  into  a  brownish,
chocolate-colored,  brittle mass.  In it are immense numbers of vibrios.  Adjoining
this necrotic mass are several cotyledons covered with a  thick, glass-clear,  edema-
tous layer,  representing the  amnion.  These cotyledons,  on section, show yellow-
ish radial lines among the normal tissue.  In addition  to these changes,  there  are
resting on the chorion small flakes of a smeary, greasy or mucoid character, grayish
yellow in color.  This  exudate is concentrated  around the  bases of the maternal
attachments  of  the  cotyledons.  Numerous  vibrios  are  found  in  it  (Fig.  5).
Sections of the chorion  and cotyledons  show free  necrotic villi filled with  nuclear
debris.  The  detached,  necrotic  cotyledon  described  above  is  shown  with  villi
still within  the maternal spaces.  They are,  however,  filled  with  nuclear  debris.
The uterine  wall  is involved  in its superficial  zone which  is  infiltrated with  cells
having  strongly basophilic  cytoplasm.  Some gland  lumina  and surrounding  tis-
sues  are filled with polynuclear  leucocytes.  Fibrin lining  the  walls of  the  small
chorionic vessels  is occasionally  seen.  The  sections  show  general  edema  of  the
chorion and attached villi.
The fetus  was surrounded by a very turbid amniotic fluid, holding in suspension
much flaky,  yellowish material  (meconium).  Similar  material  deposited  on  the
body.  A  cylindrical  mass  of  soft  meconium  hanging  from  anus.  The  fetus
measured  36 inches.  The coat of hair was well developed,  the teeth  conspicuous.
The stomachs  contained  a turbid fluid  identical with the amniotic  fluid.  Similar
fluid  in trachea.  The rectum  contained  very  soft  feces,  the  dry  masses having
been  expelled.  No  edemas  or transudations.
Cultures  were  prepared  from  the  exudate  on  the  chorion,  the  depths  of  the
cotyledons,  the  organs  of  the  fetus,  and  the  fluid  of  the  allantois.  With  few
exceptions,  all  developed  into  pure  cultures  of  vibrios.  Thus  of  sixteen  tubes
inoculated either with exudate or tissue from cotyledons,  i.e. still  attached,  seven
contained  the  long,  wavy,  non-motile  strain (Fig.  10)  and one  also  motile forms,
four remained sterile, and four contained one or more large  contaminating colonies.
Two tubes  plus allantoic fluid  contained motile vibrios only.
Cultures from the fetus resulted as follows:  Two spleen cultures were contami-
nated,  one  tube  plus  liver  tissue  remained  sterile.  Pure  cultures  of  vibrios
were obtained  from  lungs,  small intestine,  rectum,  and  one  liver  tube.  Active
vibrios  were  present  in  all these  tubes.
Four guinea  pigs  were  inoculated,  two  with  exudate  and  two  with  material
from  the  necrotic  cotyledon.  One  of  each  pair  was  reserved,  the  others  killed
after 3 days.  From the latter pair all cultures remained sterile.  The former were
kept several  months and  then cultured with negative result.
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DISCUSSION.
The  evidence  of  the etiologic relation of the injected  vibrios  to the
disease  of  the placenta  in  the four  cows  inoculated  may  be  briefly
summarized.
The  vibrio used was isolated from a diseased placenta through two
guinea  pigs  killed  3 and  4  days  after inoculation.  Pure  cultures  of
a  vibrio  manifesting  no  motility  were  obtained  from  both  guinea
pigs  (Figs.  7 and  8).?0 After  three  transfers,  the  cultures  were  in-
jected  intravenously  in  all  four cows  and  subcutaneously  in  two  of
these.  Two cows aborted.  Two were killed and the fetal membranes
with  fetus  obtained intact.
In  all four the placenta  was diseased.  The process  was character-
ized by edema of the fetal membranes, exudation in the uterochorionic
space,  and a fibrinous degeneration of the intima of the minute vessels.
The  exudate  between chorion and  uterine wall  was made  up of poly-
nuclear  cells,  blood corpuscles,  and debris from  the epithelium  of the
chorion.  Vibrios were detected  in all cases in films.  Bacillus abortus
was  not demonstrated  either  in sections,  cultures,  or through  guinea
pigs.  The  chorionic  epithelium  still  present was  free  from  bacteria.
Owing to the delay in obtaining the uterus with retained membranes
from  the  two  cows  that  aborted,  only mixed  cultures  of  vibrios  and
streptococci  were  obtained  from  No.  937.  Cultures  of  vibrios  were
obtained in the case of the two killed cows from the exudate and coty-
ledons.  The  fetus  of  No.  712,  206  days  old,  was  normal  and  its
organs  sterile.  That of  No.  657,  232  days old,  had discharged  large
quantities  of meconium  into the  amniotic  fluid.  Cultures  of  vibrios
were  obtained  from  the  digestive  tract  and lungs.
The production  of disease  of  the placenta  had no clinical  effect  on
the  cows  beyond  a drop in the milk and a slight  rise  of temperature
during  the first  24  hours.  So  little  disturbance  was  produced  that
the abortions  came as a surprise.  Nor was disease  of  the fetal  mem-
branes  anticipated  in the  two  cows  killed.
10 The  protocols  refer at first  to the exceptional  passage  of  a motile organism
across the field of the microscope  when cultures were studied in the hanging drop.
Many  later  examinations  failed  to  reveal  such  forms.  The  evidence  as  to  the
presence  of motile individuals  in  this strain  is therefore  open  to doubt.
352THEOBALD  SMITH
Noteworthy  is  Case  657,  a  cow  vaccinated  before  her  first  preg-
nancy  with  a  living  culture  of  Bacillus abortus.  Her  first  calf  was
normal  although her  agglutination  titer was  high.  Following inocu-
lation  with  Vibrio fetus  and  consequent  disease  of  the  placenta,
Bacillus  abortus did  not  appear  in  any  cultures  or in  the  diseased
tissues when  these were  subjected  to.microscopic  examination.
The  finding  of  motile  vibrios  in  addition  to  the  non-motile  type
demands  attention  at  this  point.  The  presence  of  motile  forms  in
the  culture  injected  remains  in  doubt,  as  stated  above.  Several
interpretations  of  the  data may  be  offered.  (1) A  very few  motile
forms may have  been present in the  original  culture  (No. 771)  which
owing  to  their motility  penetrated  farther  and found  their  way  into
the, fetus of  No. 657.  (2)  The motile  type  may have been  latent in
one  or more  of  the pregnant  cows and under  the depressing influence
of the non-motile type gained access to the fetal membranes.  Neither
interpretation  can  be  established  since  we  know  nothing definite  of
the whereabouts  of these vibrios beyond their presence in the diseased
membranes  and  the fetus.  They  are probably  carried  by  some  im-
mune cows  somewhere in the body.  The  two interpretations  offered
imply  that the  motile  and  non-motile  forms  are  either  mutants  or
else  distinct  races.  Pending  further  study,  little  can  be  stated  pro
or con at the present time.  The evidence  seems to point to two dis-
tinct races  of vibrios,  a motile  and a non-motile race.  This inference
is in  accord with the fact that the disease due  to the non-motile race
attacks the  amnion  as well  as the  chorion.  If  this inference  should
prove  true,  the  second  interpretation,  that  the  motile  vibrio  was
latent in one or more inoculated  cases, would stand.  The  possibility
of such latency is given  by the fact  that the cows  in  the experiment
came  from  the  herd in  which  vibrionic  disease  occurs  from  time  to
time.  The  absence  of  reliable  serological  tests  of  infection  or  im-
munity makes it impossible absolutely to exclude infected or immune
cows  from  experiments.
One additional  step was  taken to throw light  on the significance  of
these strains."
1  The  experiments  given  below  were  completed  and  some  of the  data  added
after  the paper had  been  submitted  for publication.
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The  non-motile  strain  (No.  771)  isolated  from  the  inoculated  cow  No.  657
and  a motile  strain isolated  from  a spontaneous  case  of vibrionic  abortion  were
injected intravenously  into  two pregnant  cows.  The  injections  were  made  Oct.
23,  1922.  The non-motile strain had been kept growing  on agar plus a few drops
of horse blood  since early June.  The motile  strain had  been  isolated from Cow
959,  also  in  June,  and kept  in the  same  manner.  The  dosage  and  method  of
injection  were  the  same  as  in the  former  cases.
Cow 983 had been bred Apr. 26.  The injection of the non-motile  strain  caused
a slight febrile disturbance-the  temperature going up to  40.1°C.-which subsided
within 24 hours.  The cow was killed Nov. 17, 25 days after the inoculation,  when
the fetus was presumably  205  days  (6  months,  22  days)  old.  Both  fetal  mem-
branes  and fetus were  normal.  The injection  had  failed to cause disease.
Cow  982 had been  bred Apr. 1.  The  injection of the motile strain caused the
same temporary  elevation  of  temperature  as in  Cow 983.  The  cow  was  killed
Nov.  10,  18 days after  the inoculation,  when the fetus was 224 days  (7 months,  10
days)  old.  In  this  case  there  was  disease  extending  outward  from  the  empty
horn.  The  chorion  was  covered  with  patches  of  a  viscid,  mucoid,  yellowish
material,  consisting largely of polynuclear leucocytes and an abundance  of vibrios.
The  exudate was heaped up around the base of the caruncles.  When the cotyle-
dons  were  pulled  away,  slight  peripheral  disease  of  these  structures  appeared.
There was slight edema of the amnion and allantois overlying the affected cotyle-
dons.  The  fetus  was  34  inches  long.  The  only abnormality  was  a moderate
amount  of  clear fluid  in the abdominal  cavity.
Agar tubes  inoculated  with  the  exudate  on  the  chorion  uniformly  developed
into pure  cultures  of  the motile vibrio.  This was furthermore  isolated from  the
depths  of a  cotyledon,  from the  allantoic  fluid,  and from  the lungs  of  the fetus.
Cultures from other portions of  the fetus and the amniotic  fluid remained  sterile.
The failure  of  the non-motile  strain to produce  lesions  of  the cho-
rion in Cow 983 may be ascribed  either to attenuation during the sum-
mer,  or to a high resistance  of the cow.  The doubt that perhaps  the
non-motile  strain  was  not instrumental  in producing  the  lesions  of
the early  four cases,  in  view  of  the presence  of the  motile  strain,  is
dispelled  by  the  fact  that  the  non-motile  strain  was  isolated  in  a
number  of  tubes in pure  culture  from the chorionic  exudate  of both
earlier  cases killed before abortion.  In No. 657,  none  of  the exudate




The  general  outcome  of  these  six  experimental  cases  and  those
already  reported3 is that both  motile  and  non-motile  types  produce
disease  of  the fetal  membranes  eventually  leading  to abortion.  The
more  precise  serological  relations  between  the  two  are  now  under
investigation.
EXPLANATION  OF PLATES.
Figs.  1 to  6 are  photomicrographs  of films  made  directly  from  the  diseased
placenta.  Figs.  7 to 11  represent cultures.  In all, the non-motile, only slightly
wavy  type of vibrio is present.  Figs.  1, 7, and 8 represent  the strain  of vibrio
used  for  injection.  All  the  rest  are  from  the injected  animals.  Magnification,
X  1,000.  For figures of the motile type the reader is referred to  a former  publi-
cation.'
PLATE  23.
FIG.  1. Film  prepared  from  the  placental  exudate  of Cow  771,  the  source  of
the vibrio used in the experiments.  Note the cell, probably  a polynuclear  leuco-
cyte,  with irregular  basophil  masses  on  the  periphery,  which  are  chromatin
remains  of  the  nucleus.  The space  between  them  represents  cytoplasm.  This
contains  a number  of vibrios  and  point-like  bodies,  some  of  which  are vibrios
in optical section,  others  of unknown  nature.  Three  vibrios are free  above  the
cell.  Giemsa stain.
Fro. 2.  Film from the placenta  of Cow 678, injected with  a culture  of vibrio.
Note  several free  vibrios  and a  necrotic  cell containing  a number of organisms,
some  distinctly wavy,  others  simply  curved.  The  deeply stained  mass  is  a bit
of  placental  tissue.
FIG.  3.  Film prepared from beneath the seared surface of a cotyledon  of Cow
937.  It shows two cells densely stuffed with vibrios.  The nuclear matter appears
as clumps on the cell periphery.  The dark mass is a bit of placental  tissue.
FIG.  4.  Film  prepared  from  the  placenta  of  Cow  937.  Note  the  vibrios  of
one  to several  very  shallow  turns  or wave-lengths  among  the  cellular debris  of
the  exudate.  Stained  in  Giemsa's  solution  24  hours.
FIG.  5. Film from  the exudate  on  the chorion  of Cow 657.  Many  organisms
are among  the  cell masses, some wavy,  others nearly  straight.
FIG.  6.  Film  from  the  viscid  exudate,  resting  on  the  chorion,  of  Cow  712.
Many vibrios are present,  closely resembling those  of  Fig. 5.
PLATE  24.
FIGs.  7  and 8.  Films prepared  at the  same time from a culture  of the vibrio
from Cow  771,  isolated through a  guinea  pig.  This is the sixth transfer,  6 days
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old,  on slanted  agar  containing  a bit of  calf  kidney  in  the  condensation  water.
The  thickness  of the  stained  vibrios  can be  modified  by changing  the amount of
the  Giemsa  stain  added  to  distilled  water.  In  Fig.  7 the  stain was  sufficiently
concentrated  to make  the vibrios appear  unusually large  as compared  with those
of  Fig.  8  from  the  same  culture.
FIG.  9.  Culture from a  bit of exudate  from the  chorion  of  Cow  712,  on slant
agar,  sealed, 3  days old.  Note both long and short forms of distinct vibrio form.
The longer the vibrios, the less marked the spiral or wavy form.  Alkaline methy-
lene blue.
FIG.  10.  Culture  on  plain  agar  plus some  exudate  from. the  chorion  of  Cow
657.  There  are  present  very  short and  very  long  forms,  all  distinctly  wavy.
The  deeply  stained  round  bodies  of  varying  size are probably  free,  overstained
granules  which  are  found  in  long  spirals  of  old  cultures.  Film  stained  with
Giemsa's solution.
FIG.  11.  Mixed cultures  of vibrios and streptococci  from a  cotyledon  of  Cow
937,  to show the relative size  and staining capacity of the two species.THE  JOURNAL  OF EXPERIMENTAL  MEDICINE  VOL.  XXXVII.
(Smith: Etiological  significance  of  Vibrio  fetus.)
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